A Gram-stain-negative, aerobic, short rod-shaped bacterium, strain LA53
In 2001, the genus Sphingomonas was divided into four genera based on the phylogenetic, chemotaxonomic and phenotypic characteristics (Takeuchi et al., 2001) . These four genera are Sphingomonas sensu stricto, Sphingobium, Sphingopyxis and Novosphingobium. At the time of writing, the genus Novosphingobium comprises 26 recognized species, the type species of which is Novosphingobium capsulatum (Takeuchi et al., 2001) . Members of the genus Novosphingobium have been isolated from diverse habitats including contaminated soils (Suzuki & Hiraishi, 2007; Gupta et al., 2009; Kämpfer et al., 2011; Niharika et al., 2013) , freshwater sediments (Sohn et al., 2004; Liu et al., 2005; Baek et al., 2011) , activated sludges or wastewater treatment plants (Fujii et al., 2003; Addison et al., 2007) , and plant roots (Lin et al., 2013; Takeuchi et al., 1995) . Several species have been isolated from marine environments, including Novosphingobium aromaticivorans, Novosphingobium stygium and Novosphingobium subterraneum from coastal sediments (Balkwill et al., 1997; Takeuchi et al., 2001) , Novosphingobium indicum from deep-sea water (Yuan et al., 2009) and Novosphingobium malaysiense from mangrove sediment (Lee et al., 2014) . Here we present the results of a polyphasic study describing a novel species of the genus Novosphingobium isolated from a deep-sea water sample.
A seawater sample was collected from the eastern Pacific Ocean at a depth of 800 m (144 u 599 W 7 u 309 N) by using a Sea-Bird 911 plus CTD (Sea-Bird Electronics) in August 2013. The subsample was subjected to the cultural process immediately on board. Approximately 100 ml seawater was plated on natural seawater agar supplemented with 0.05 % peptone (w/v; BD) and 0.01 % yeast extract (w/v; BD). After 3 months of aerobic incubation at room temperature, a yellow colony, designated LA53
T , was picked. The isolate was purified by repeated restreaking on marine agar 2216 (MA; BD) and the purity was confirmed by the uniformity of colony morphology. Strain LA53
T was routinely cultured in marine broth 2216 (MB; BD) and maintained at 280 u C with 30 % (v/v) glycerol.
Strain LA53
T grew as aggregates in the early stage of growth, and reached late exponential growth phase after 5 days of incubation in MB at 35 u C. On MA, strain LA53 T formed visible colonies after 5 days of incubation and the The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain LA53
T is KJ708552.
colony diameter was 0.5-1 mm after 7 days of incubation. Strain LA53 T did not grow in any of the following media supplemented with 2 % (w/v) NaCl: Luria-Bertani (LB), nutrient broth (Hattori & Hattori, 1980) , PY (Takeuchi et al., 2001) , R2A (Reasoner & Geldreich, 1985) , TSB (BD), carbon utilization basal medium (Kämpfer et al., 1991) , marine basal medium (Baumann & Baumann, 1981) , or in acid production OF (Hugh & Leifson, 1953) and MOF (Leifson, 1963) media. All phenotypic tests in this study were carried out in MB or on MA at 35 u C.
Growth at various NaCl concentrations (0, 0.5, 1.0, 2.0, 3.0, 5.0, 7.5, 10.0, 12.5 and 15.0 %, w/v) was investigated in NaCl-free MB medium (prepared according to the BD formula for MB). The pH range for growth was determined at pH 5.0-10.0 (in 0.5 pH unit intervals) in MB buffered with the following: MES (for pH 5.0-6.0), PIPES (pH 6.5-7.0), Tricine (pH 7.5-8.5), CAPSO (pH 9.0-9.5) and CAPS (pH 10.0) at a concentration of 40 mM. The temperature range for growth was determined by incubating at 4, 10, 15, 20, 25, 30, 35, 37, 42 and 45 u C in MB. Cell morphology and motility were examined by optical microscopy (BX40; Olympus) and transmission electron microscopy (JEM-1230; JEOL).
Oxidase and catalase activities, nitrate reduction and hydrolysis of aesculin, casein, DNA, gelatin, starch, tyrosine, Tweens 20, 40, 60 and 80, and urea were tested according to the methods of Dong & Cai (2001) . API ZYM, API 20NE and API 20E tests (bioMérieux) were used to determine other physiological and biochemical characteristics according to the manufacturer's instructions, except that cells were suspended in a solution described by Sohn et al. (2004) . API ZYM strips were read after 12 h, and API 20 NE and API 20 E strips after 48 h. Single carbon source assimilation tests were performed on MA with 0.05 % (w/v) yeast extract and without peptone (prepared according to the BD formula for MA). The corresponding filter-sterilized sugar (0.2 %), alcohol (0.2 %) or organic acid (0.1 %) was added into the medium. Susceptibility to antibiotics was determined using antibiotic discs containing the following (mg unless otherwise stated): amoxicillin (10), ampicillin (10), bacitracin (0.04 IU), carbenicillin (100), cefotaxime (30), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), nalidixic acid (30), nitrofurantoin (300), novobiocin (30), nystatin (100), penicillin G (10 IU), polymyxin B (300 IU), rifampicin (5), streptomycin (10), tetracycline (30), tobramycin (10) and vancomycin (30).
The cellular fatty acids of strain LA53
T , Novosphingobium pentaromativorans DSM 17173 T and N. indicum DSM 23608 T were determined under identical conditions. Strain LA53
T was incubated on MA at 35 u C for 5 days, whereas the other strains were incubated for 2 days, after which cells of the third streak quadrants were collected. Cellular fatty acids were analysed according to the instructions of the Microbial Identification System (MIDI). Isoprenoid quinones were extracted from freeze-dried cells and analysed as described previously using LC-MS (Xu et al., 2011) . Genomic DNA was obtained as described by Marmur (1961) . Polar lipids analysis by TLC was performed by the Identification Service of the Deutsche Sammlung von Mikoorganismen und Zellkulturen (DSMZ, Braunschweig, Germany). Total lipids were detected using molybdatophosphoric acid and specific functional groups were detected using spray reagents specific for defined functional groups according the protocol of to Tindall et al. (2007) . For analysis of DNA G+C content, DNA was hydrolysed with P1 nuclease (Sigma) and the nucleotides were dephosphorylated with calf intestine alkaline phosphatase (TaKaRa). The resulting deoxyribonucleosides were separated by a UPLC system (Waters) with a UV detector at 254 nm and Acquity UPLC BEH C18 column (100 mm62.1 mm, 1.7 mm; Waters). The mobile phase contained 6 % methanol and 10 mM triethylamine phosphate (pH 5.1), and the flow rate was 0.2 ml min
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. Salmon sperm DNA (Sigma) with known G+C content was used as a standard. The DNA G+C content was calculated from the ratio of deoxyguanosine (dG) and thymidine (dT) according to Mesbah & Whitman (1989) .
The 16S rRNA gene of strain LA53
T was amplified by PCR and the resulting products were cloned into the pMD 19-T vector (TaKaRa) and sequenced (Xu et al., 2007) . The sequences were compared with closely related sequences of reference organisms from the EzTaxon-e server (Kim et al., 2012) . Sequences were aligned with the CLUSTAL W program (Thompson et al., 1994) . Phylogenetic relationships were analysed with neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) algorithms in the MEGA 5 software package (Tamura et al., 2011) on the basis of 1000 replicates. Evolutionary distance calculations were based on the JukesCantor model (Jukes & Cantor, 1969) for the neighbourjoining and maximum-likelihood methods.
Cells of strain LA53
T were Gram-stain-negative, short rodshaped (0.6-1.0 mm wide and 0.8-2.0 mm long) without flagella (Fig. S1 , available in the online Supplementary Material). The NaCl concentration, temperature and pH ranges for growth of strain LA53 T were 0-7.0 % (w/v), 15-37 u C and pH 6.0-8.5, respectively. Detailed phenotypic characteristics are given in the species description, and Tables 1 and S1. (Fig. 1) , both of which were isolated from marine environments (Yuan et al., 2009; Lee et al., 2014) .
Chemotaxonomic analysis showed strain LA53
T had the typical characteristics of the genus Novosphingobium, such as the presence of ubiquinone-10 and sphingoglycolipid (Fig. S2) , as well as containing C 18 : 1 v7c (40.4 %) and summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c, 27.4 %) as the major fatty acids (Takeuchi et al., 2001) . Nevertheless, the percentages of summed feature 3 and C 14 : 0 2-OH in strain LA53 T (27.4 % and 7.9 %, respectively) were higher than those of N. pentaromativorans DSM 17173 T (10.1 % and 5.3 %, respectively) and N. indicum DSM 23608 T (8.0 % and 3.8 %, respectively), whereas the amount of C 18 : 1 v7c in strain LA53 T (40.4 %) was lower than that of N. pentaromativorans DSM 17173 T (62.8 %) and N. indicum DSM 23608 T (47.8 %) (Table S1 ). In addition, strain LA53
T could be differentiated from N. pentaromativorans DSM 17173 T and N. indicum DSM 23608
T as well as the type strain of the type species of the genus, N. capsulatum DSM 30196
T , on the basis of some phenotypic characteristics, including hydrolysis of aesculin, Tweens 20 and 40, and tyrosine; utilization of D-fructose, D-gluconate, pyruvate and D-xylose; susceptibility to amoxicillin, ampicillin, carbenicillin, nitrofurantoin, novobiocin, penicillin G, tetracycline and tobramycin; and esterase (C4), b-galactosidase, b-glucuronidase and bglucosidase activities in API ZYM tests (Table 1) .
On the basis of these phylogenetic, genotypic, chemotaxonomic and phenotypic data, we propose to classify strain LA53 T as the type strain of a novel species of the genus Novosphingobium with the name Novosphingobium marinum sp. nov.
Description of Novosphingobium marinum sp. nov.
Novosphingobium marinum (ma.ri9num. L. neut. adj. marinum of the sea, marine).
Cells are Gram-stain-negative and short rod-shaped. Colonies on MA are 0.5-1 mm in diameter, circular, smooth, elevated and yellow after 7 days at 35 u C. Growth occurs in the presence of 0-7.0 % (w/v) NaCl, with optimum growth at 1.0-2.0 %. The pH and temperature ranges for growth are pH 6.0-8.5 and 15-37 u C, respectively (optimum growth at pH 7.0 and 35 u C). Positive for oxidase and catalase activities, nitrate reduction and VogesProskauer test. Tests for arginine dihydrolase, citrate utilization, H 2 S production, indole production, lysine and ornithine carboxylases, tryptophan deaminase and onitrophenyl-b-D-galactopyranosidase are negative. DNA and Tweens 40, 60 and 80 are hydrolysed, but aesculin, casein, gelatin, starch, Tween 20, tyrosine and urea are not. In the API ZYM system, acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), a-glucosidase, naphthol-AS-BI-phosphohydrolase, leucine arylamidase and valine arylamidase activities are present, whereas N-acetyl-b-glucosaminidase, a-chymotrypsin, cystine arylamidase, b-fucosidase, a-and b-galactosidases, b-glucosidase, b-glucuronidase, lipase (C14), a-mannosidase and trypsin activities are absent. The following substrates are not utilized for growth: adonitol, aesculin, L-arabinose, cellobiose, citrate, ethanol, formate, D-fructose, D-galactose, D-gluconate, glucose, glycerol, myo-inositol, a-lactose, The type strain, LA53 T (5CGMCC 1.12918 T 5JCM 30307 T ), was isolated from a seawater sample of the Eastern Pacific Ocean. The DNA G+C content of the type strain is 57.7 mol% (by HPLC). 
